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Herein we report an error occuring in WIS-TCI~180
Robert J. Silbey, and Joseph O, Hirschfelder in which the Hirschfelder-
Sibey perturbatibn technique is applied through first order to the lowest

gerade and ungerade states of the H + ion. The calculations have been

2
performed once again with the following ideas included. Results are

listed at the end of this report and indicate that the dispafity in agree-
ment between our values of 69 (1)} and 8" () with the corresponding

"exact" values of Peek2 is roughly the same for the gerade as for the un-

gerade state. Previously it was. reported that the ungerade energy was in -

' very good agreement while the corresponding gerade energy was relatively

poor. It might now be said that agreement of 830) " and 8“(0) ‘
with the values of Peek is "fair'" for both states., '

‘The essential idea to be pointed out here is that once the basis qunctioha

on nucleus @ have been chosen the corresponding states on nucleus Qf ~are

uniquely specified by ‘the action of the reflection operator g . (The ‘\\

-

notation is that of WIS-TCI-180 and WIS-TCI-1684>.) In WIS-TCI-180 the

" phase factor (-1)2 was inadvertently introduced by defining the basis

functions on nucleus -?l' -- once the basis functions on nucleus a had already -
been chosen -- in terms of the wrong polar angle. As shown in fig.A 1, an

orbital centered on nucleus (], and specified by the quantum numbers Y] and
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Fig. 1

Q may be written in terms of the Lowdin orbitals and Legendre

polynomials as -
@ Ry ACLVE W

The corresponding orbital centered on nucleus fr, that 18,%(2,.)30'%5«.)
L

should be written as ; \‘

= Ry ¢ | @)
Y807 Rz Feteos o)
with e.er defined, as in fig. 1, in the clockwise sense, JIn terms of

the variables used in WIS-TCI-180, we find
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As a matter of fact, however, with the orbitals on Q. defined

as in (1), the orbitals centered on nucleus f were defined as
- | ’
'9{;‘{2.'). s RMW&_) g (c°39.2r) (5)

where

Co$ 911:— = ((?2;3 - )

Clearly we have that

’ 2 -—. | . | (7)
Co$ eer Cos eb_

which consequently leads to

F_Q (Cose‘é_) = (-_|)‘e &(Coseﬁ_) ' (8)‘ \

whence the erroneoué phase factor,

Indeed, such an error in defining the phase will have a serious
effect upon the matrix elements to be computed for the calculation. Con-
sider, for example, the pverlapl integral <%1(Q)’1f2’.1‘&-)> .« The ___
"angular dependences" ~of the functions qf}ai(q_) and %{3‘) are
shown in figs. 2a and 2b respectively. Now, since the functions are
normalized, in the limit that the molecular bond length R approaches

zero, the overlap integral should approach minus one. One may check from

formula 3 of the appendix of WIS-TCI-180 that, because of the erroneous
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phase factor, the overlap integral (%;ml%{(’,}} gpproaches

~plus one in the limit that the bond length reaches zero., Similar in-
consistencies were discovered in other formulas and wére traced to the -
phase factor (-1)1' . |

ihe orbitals centered on nucleus J&- and defined gorrectly as in
(2) were inserted into the Program H2PLUS constfucted by R. Hake. It
is a very beautiful program, and extremely easy to correct. 1In fact to_
insure the correct phase associated with the orbitals centered dn J&“ 5
;nly one card in the entire program need be changed. In the subroutine

ALL thg statement
121 1S = Is3a-lua+ JUa

should read

121 IS = ISa-1ua

ThHe values of the newly computéd matrix elements were found to agree with
those calculated via another program being constructed &o attack the H2+_
problem via Hirschfelder-Silbey perturbation theory. Much of the work on

the latter program was done by Mrs, Wanda Giese.




In rerunning the H2PLUS Program another mistake was discovered in
the main program. The card ’

BI4 = Bl4% + A5 % B

should in fact read

Bl = B14 + AL %*(B15+86 ),
This card is involved in the evaluation of the quantity <q("lv lfr“,>
The change reflects the inequivalence of the matrix elements (Q t\/ lv (Q))
and <Q’(”lv 'g;/(fr)> which was assumed by use of the original
n
statement.
To conclude, we note that WIS-TCI-180 would read éorrgctly if,

on p. 10

(3n-1)
CoS Glr (z- )2)
would be replaced by \
_Q=in) | o
CoS 98. = (7 ,.yz) .

\ Stg ¢
and in formulas No. 3 and No. 9 in the appendix the quantity (-1) Z

s’ru’
were (~1) + In formula No. 9 there is apparently a printing

error which did not carry over into the computations‘B(‘er z~S+u+Qor i+u+l)

abould in fact, read } (t,r-z-SfU#lfP ’2 sf u’-l- l).
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